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5.  Spacing of Buttresses.   The spacing of the buttresses is governed by
economy.   If the spans are short, face slabs or arches may be thin with a
small volume of masonry.   On a simple unit stress basis, the buttress thickness
would be proportional to the span, and total thickness for the dam would be
constant.   Practical considerations preclude the use of very thin walls; hence
beyond certain limits the volume of individual buttresses remains constant
regardless of spacing.   The result is a more or less definite economic limit to
the spacing.

Many factors enter into the determination of this limit. Two buttresses
each 2 ft thick cost more to construct than one buttress 4 ft thick. The cost
of excavation and foundation treatment is also greater for two thin buttresses
than for one thick one. For very long spans the cost of falsework for the facing
may be high, and secondary stresses in the haunches may be troublesome.

Economic buttress spacing increases with the height of the dam. Usually
the height is variable, giving a variable economic spacing. Variable spacing
is usually avoided by the adoption of a standard for the entire dam. Separate
standards for the abutments and the central portion of the dam may be used
if desired, but this is not the usual practice.

6.  Design of the Buttresses.   Buttresses for all of the dam types shown in
Fig. 4 are analyzed for stability in a manner similar to that used for gravity
dams, Chapters 10 and 11.   The design element, instead of being a slice of
unit thickness, is taken as a full panel.

In addition to meeting the stability requirements for gravity dams, the
buttress must conform to the design rules for structural concrete members.

The buttresses may be considered as vertical cantilever beams of variable
cross-section. Both the width and the thickness may vary. The width must
be sufficient to avoid tension at the upstream face when fully loaded and
also to avoid excessive compression at the downstream face. As in all beams,
simple bending stresses are smallest for a given cross-sectional area if the
buttress is made wide and thin. However, if too thin, failure may occur by
buckling.

In order to fix the required thickness of buttresses to prevent buckling,
they are considered to be bearing walls instead of beams, the minimum
allowed thickness being the same as for columns. According to the "Joint
Committee" report on "Recommended Practice and Standard Specifications
for Concrete and Reinforced Concrete/12 a reduction in stress must be made
where the unsupported length exceeds ten times the thickness.

It is usual to reduce the unsupported length by means of struts or to increase
the width of the compression face by adding a flanged section. Both of these
devices are illustrated in Fig. 2 and both may be used.

In high dams, additional flanges or pilasters may be added along the width
of the buttress, either in place of or in addition to the struts. The Florence

2 Sec, 804&, p. 45, Proc. Am. Soc. Civil Engrs., June 1940.